The profile of blood donors changed dramatically in Brazil over the past 20 years, from remunerated to nonremunerated and then from replacement to community donors. Donor demographic data from three major blood centers establish current donation profiles in Brazil, serving as baseline for future analyses and tracking longitudinal changes in donor characteristics. STUDY DESIGN AND METHODS: Data were extracted from the blood center, compiled in a data warehouse, and analyzed. Population data were obtained from the Brazilian census. RESULTS: During 2007 to 2008, there were 615,379 blood donations from 410,423 donors. A total of 426,142 (69.2%) were from repeat (Rpt) donors and 189,237 (30.8%) were from first-time (FT) donors. Twenty percent of FT donors returned to donate in the period. FT donors were more likely to be younger, and Rpt donors were more likely to be community donors. All were predominantly male. Replacement donors still represent 50% of FT and 30% of Rpt donors. The mean percentage of the potentially general population who were donors was approximately 1.2% for the three centers (0.7, 1.5, and 3.1%). Adjusting for the catchment's area, the first two were 2.1 and 1.6%. CONCLUSIONS: Donors in the three Brazilian centers tended to be younger with a higher proportion of males than in the general population. Donation rates were lower than desirable. There were substantial differences in sex, age, and community/replacement status by center. Studies on the safety, donation frequencies, and motivations of donors are in progress to orient efforts to enhance the availability of blood.
T o ensure an adequate blood supply, it is crucial to recruit suitable blood donors. These are ideally individuals with low risk for infectious diseases, who are in good health, and who are willing to spend their time to help someone out of a sense of solidarity and altruism. Before the late 1970s and early 1980s, blood collections in Brazil were mainly performed by private blood banks. Cash reimbursement for donation was a common practice, and there were few laws regulating blood bank activities. An assessment performed for the Brazilian Ministry of Health Blood by the World Health Organization (WHO) in the early 1970s documented serious problems with the blood banking policies and practices, 1 which led the federal government to define blood safety as a national security problem. Measures were taken to improve the safety and quality of blood and components, especially after the onset of the AIDS epidemic, when blood transfusion practices became an important political issue. 2, 3 The Brazilian network of public blood centers was created in the late 1970s and early 1980s, as a response to these blood safety concerns. Although the centers were under the state administrations, federal funds were allocated to support these public blood centers, and cooperation with the French government made it possible to train a large number of professionals in blood collection and processing and transfusion practices.
Blood transfusion is now regulated by the Federal Government through Anvisa, the national health surveillance agency, and by the Blood Coordination Office in the Ministry of Health, which is responsible for the policies of the system. Specific methods are defined for donor recruitment, deferral criteria, laboratory tests, proper handling, and related component preparation procedures. 2 The regulations are very similar to those in place in the United States and Europe, and internationally accepted procedures and guidelines are used as reference in the development of Brazilian rules and practice guidelines. 1 In addition to establishing "sanitary policies" regarding donor selection, blood testing, and handling of blood products, paid blood donations were forbidden. 2 The prohibition from paid donations could have had an enormous impact on the blood supply due to the lack of experience of centers in recruiting voluntary blood donors. General concern that this prohibition would dramatically decrease blood availability led Brazilian blood centers to rapidly develop programs to recruit donors among friends and relatives of hospitalized patients, termed "replacement donors." This procedure had the effect of maintaining the blood supply, after the sudden reduction in collections due to the elimination of paid blood donors, and replacement donors became the major source of blood units in Brazil in the 1980s.
One of the main problems in relying on this type of donor is that most of them are first-time (FT) blood donors, so the prevalence of infectious disease markers is higher, [3] [4] [5] leading to an elevated percentage of discarded units and greater risk of a window-period donation. In addition, families and friends of patients were frequently "asked" to donate in a forceful way. Replacement donations, solicited before medical procedures, with numbers determined by the hospitals/procedures, were compulsory before the patient would be treated or undergo surgery. This led to an undesirable situation where, in the quest for blood donors, the patients and/or their families would recruit potential donors at the entrances of blood banks to donate in the name of a specific donor, sometimes offering to pay these unrelated individuals for blood donation. Hence, some donors were still paid, although not by the blood bank.
Recognizing the inherent problem with these practices, concerted efforts were made during the 1990s to change the blood donor supply from replacement FT donors to community voluntary repeat (Rpt) donors. However, still today, replacement donors are responsible for up to 50% of blood donations in many regions of Brazil. 2 It is estimated that 3 million units of blood are collected per year in Brazil, with approximately 70% of donations in these regions collected through the public system. 1,2 However, national studies on blood donation are scarce in Brazil. Data on blood donation and use are now compiled, in a semimanual way, at the federal level by Anvisa and by the Blood Coordination Office, but these data are usually incomplete and outdated. 1, 2 Although blood donor systems in Brazil are required by law to store their donor/and donation data, they have been unable to combine data from multiple centers or systematically analyze these data due to lack of computer database systems with the capacity to create and analyze large data sets.
The NHLBI International REDS-II study in Brazil started in 2007 and is comprised of three major public blood banks. Two of them are in the Southeast region of Brazil, 6 where most of the blood is collected, while the third is in Northeastern coastal Brazil. There are considerable regional differences between the Southeastern and Northeastern parts of Brazil, 7 and differences in blood donor profile and behavior were expected. This work describes the demographic profile of blood donors in the three centers, how it compares with the general population of the cities where each center is located, and discusses strategies to increase the proportion of the general population that donates blood in Brazil.
MATERIALS AND METHODS

Participating centers in Brazil
The International REDS-II study in Brazil includes three blood centers: 1) Fundação Pró-Sangue (FPS), in São Paulo; 2) Fundação Hemominas (FH-MG) in Minas Gerais, both in the southeastern part of Brazil; and 3) Fundação Hemope (FH-PE), in the State of Pernambuco, in the Northeastern part of the country. Donor and donation data from each center are centralized in a single data warehouse in São Paulo and then transferred to a coordinating center in the United States. This direct extraction minimizes errors related to the consistency of the data and facilitates the data analysis. This study is part of the international arm of REDS-II that conducts research studies involving safety and adequacy of the blood supply. Standardized demographic and test data on all blood donations are collected, prepared, and electronically sent to the study coordinating center (Westat, Rockville, MD) for compilation and analysis.
FPS is based at a major public hospital (Hospital FH-PE is the blood center of the state of Pernambuco. Donor and donation data from the main center located in Recife, the capital of the state of Pernambuco, is included in REDS-II. This facility collects approximately 75,000 units of blood per year and has coverage estimated in 98% of the blood needs of the area. This unit supplies blood to various hospitals in the metropolitan area, which has 2,681,970 inhabitants, with 2,399,557 in the 18 to 65 years old range.
REDS-II project structure
This study is part of the international arm of REDS-II that conducts research studies involving safety and adequacy of the blood supply. Standardized demographic and test data on all blood donations are collected, prepared, and electronically sent to the study coordinating center (Westat) for compilation and analysis.
Data collection and storage
Demographic data from January 2007 to December 2008 were extracted from the computer system of each center and sent to a data warehouse at the University of São Paulo. Data included coded donor identification, age, sex, self-reported skin color (captured as five options but recoded into white, black, mixed, or other), and educational attainment. The number of donations in the year was recorded and donors were classified according to the number of times they donated, as follows: For the analysis, we have considered FT donors as those originally classified as FT donors only or returning FT donors, and Rpt donors classified as returning FT donors or Rpt donors only. Donor type (replacement, community, autologous, directed) and donation type (whole blood or apheresis) were also evaluated.
Data warehouse architecture for REDS-II International Brazil
For the REDS-II project we had to address the different operational database structures used by the three centers. The heterogeneous operational databases and distinct data coding practices required the development of specific algorithms for data processing. The central data warehouse architecture has hierarchical levels, as follows: 
Statistical analysis
This was a descriptive study, which included all presenting donors. Donors were classified with respect to their first donation made in 2007 to 2008. The information about skin color and educational level was not asked in FH-MG until April 2008 and therefore was not available before this date. The donor profile was compared with the population 18 to 65 years old for the regions studied, available in the official government statistics (Datasus) for each metropolitan area. 7 Frequency distributions were performed by Westat, after data cleaning, using computer software (SAS, Version 9. Overall, the number of male donors was more than twice as high as that of females ( Fig. 1 and Table 1 ). However, there was a significant regional variation with Recife having the lowest percentage of female donors (20.0%), whereas Belo Horizonte (38.2%) and São Paulo (39.8%) had similar proportions. As for the donation type, community donors were higher than replacement (61.0% vs. 39.0%), but with regional variation, with FPS having the highest proportion of community donors (75.7%) and FH-MG the lowest (46.4%).
When the sex of FT or Rpt status (Fig. 2) was compared, we observed that the proportion of female donors was higher in FT donors (39.6%, Fig. 2A ) than Rpt during the period (28.8%, Fig. 2B ). Replacement donors were less frequent among Rpt (37%) than FT donors (46.4%). FT donors were younger than Rpt donors.
Donor educational level was uneven across the three centers. With considerable data missing for education in FH-PE and FH-MG (Table 1) , data were analyzed after excluding these sites. The findings for education tended to concentrate in donors who completed 11 years of education (essentially equivalent to completing high school in the United States), with few donors on the extremes: elementary education or less and college or higher. There were several differences across centers, with São Paulo showing a higher percentage of donors with 11 years of education and above (76% vs. 68% for Belo Horizonte and 63% for Recife), whereas Recife showed a higher percentage of donors with less than 8 years of education (21.6% vs. 17.8% for Belo Horizonte and 12.5% for São Paulo).
Skin color was evaluated in the three centers ( Table 1 ) and showed that in Recife and Belo Horizonte the selfreported mixed skin color group predominated (60.8% and 47.1%), whereas in São Paulo most of the donors (54.6%) were white. The proportion of black donors in Belo Horizonte (18.1%) was twice as high as in São Paulo (9.7%) and Recife (9.4%). We also found that the demographic distribution between community and replacement donors was similar across centers (not shown).
The proportion of donors compared with the age eligible (18-65 years of age) general population of each corresponding metropolitan area was 1.3% overall. By blood center, the percentages were 0.7% for FPS, 1.5% for FH-MG, and 3.1% for FH-PE. Despite these apparent differences, when we adjust for the percentage of blood each center collects in their catchment area, the proportions of FPS and FH-MG were closer (2.1 and 1.6% of the population). FH-PE, which is virtually the sole blood provider in its region, has the highest proportion of the population donating blood.
DISCUSSION
For the first time a comprehensive database exists composed of donor and donation data from three geographically dispersed blood centers in Brazil. Although they are not representative of the whole country, which is continental in its extension, the three centers are from regions with diverse socioeconomic and cultural conditions and therefore give a picture of blood donation patterns in the country. The data capture system that was developed for collecting operational and select demographic data of each center and transferring it to a single data warehouse involved considerable work of translating the local operational data elements into common definitions. This recoding of the data element structure was crucial to establish a common language and develop a system based on an information technology that will stay within Brazil and that can be expanded in the future to other blood centers to enable us to monitor blood collections in Brazil.
In the past 10 to 15 years, Brazilian public health policies have sought to change the profile of blood donation from remunerated to nonremunerated blood donors [1] [2] [3] and from replacement donors to community volunteer blood donors, because they are thought to be safer. 8 The proportion of "safe donors," based on low infectious disease rates, is considered higher where all donors are volunteer and nonremunerated, conditions that exist in 85% of developed countries, but in only 15% of developing ones and in only 7% of undeveloped countries. 5 For example, in Trinidad and Tobago, 87% of blood donations were replacement donations in a 2007 report. 9 In sub-Saharan Africa, 75% to 80% of blood still comes from hospital-based replacement donors. 4 In this study, we have found that community donors now contribute the majority of donations in the three Brazilian centers studied, but that substantial variability exists across the centers.
A recommendation by the Ministry of Health, issued in 1993, advised the blood center recruitment personnel to talk to the families about blood donation, appealing to humanitarian feelings of family and friends of hospitalized patients, but avoiding coercing donation.
1,2 To enhance community donation, one strategy would be to deliberately convert replacement donors to community donors. A possible approach to achieve this is to talk to replacement donors after their first donation, showing them the importance of donation and how their blood type is necessary. A study conducted by Chamla and coworkers 10 revealed that sending a personalized and informative letter to new donors increased the number returning to donate again. Another study showed that the shorter the donation interval between the first and next donation, the more likely the donor was to make subsequent donations. 11 For example, if a donation appointment is set up right after the first replacement donation, it could help to convert a replacement donor into a "dedicated" community donor. Another study showed that donor satisfaction varies with demographics and is positively correlated with the intent to return for future donation. Therefore, incentives to future donation may need to be adjusted to demographic subgroups. 12 Gonçalez and colleagues 13 studied the evolution of altruistic donors in FPS, and documented the substantial impact produced after the enhancement of the recruitment department in 1998. 13 There was a considerable increase in the proportion of community and Rpt donors that stabilized after a certain time at approximately 60%. These changes have led to an approximately 50% decrease in the rate of discarded blood units from 1995 to 2001, due to lower levels of reactive serologic tests.
One concern is about the "spurious altruistic donation," defined as a donor who donated blood for nonmonetary compensation, for example, blood testing.
14 It was shown by Barreto and colleagues 3 that community FT donors in São Paulo, Brazil, had higher HIV prevalence than replacement FT donors, and test seeking apparently plays an important role in bringing at-risk people to donate blood. In this case, offering anonymous testing to the general public and not immediately releasing negative results from blood bank testing may be effective in reducing this behavior, stimulating the test seeker to get tested in free anonymous testing centers, available in large urban centers in Brazil or in a regular laboratory.
To expand the safe donor pool it is fundamentally important to understand what segments of population are donating, both as community/altruistic and as replacement donors; this includes an understanding of demographic correlates of donation behaviors including sex, age, race/skin color, and educational level.
Although donors were and still are mostly males in Brazil, female donations have increased in the past few years, with diverse campaigns targeting women, a segment of the population that was historically not donating, probably due to myths on the health impact of donation, related to menstrual blood losses, pregnancies, and lactation. 1 Our data document that females still contribute a smaller proportion of donations than males in Brazil in all three regions represented in REDS-II. However, there were regional differences in the gender of donors, with the center in the northeast (FH-PE) having the lowest proportion of female donation (19.3%, vs. 37.6% in FH-MG and 39.0% in FPS). This could be due to the high proportion of anemia in the female population in Recife, possibly caused by iron deficiency and/or the presence of sickle cell trait in this population. However, further research is needed to better understand this heterogeneous sex distribution among the centers. Gonçalez and colleagues 13 showed differences in the evolution of type of donor in FPS Foundation. In 1995, only 20% of the donors were females, but their numbers increased steadily and, in 2001, female donors comprised 37% of the total and, as we have shown, in 2008 reached 39%. Another study in Brazil, from Hemominas Foundation, Belo Horizonte, 15 conducted in 1994 to 1995, showed that the proportion of females was 23.5% at that time, whereas it is presently 37.6%. This increase is likely attributable to recruitment campaigns and educational programs, such as "Donor of the Future," that educate children and teenagers of both sexes about the importance of blood donation. The REDS-II data confirm that donations by females have increased and with the monitoring system in place we will be able to track changes in the sex composition of the donor base.
The majority of donors in the three centers studied were below 34 years of age. FT donors were younger (most were 18-34 years old) than Rpt donors and concentrated in the 25-to 44-year age range. This result was expected, since the prototype of the Brazilian blood donor used to be a young male. Donors tended to be younger in Minas Gerais (FH-MG) and had similar age patterns in São Paulo and Pernambuco (FPS and FH-PE). In Germany, a study revealed that the percentage of donors was higher among the youngest age group (18-24 years). 16 The age distribution of Rpt whole blood donors roughly resembled that of the general population (most in the 35-to 44-year range). In the three centers studied in Brazil we found that the distribution of donors also tends to be younger than the general population.
The REDS-II centers captured data on the educational level of blood donors for the first time in Brazil. Most donors completed high school, which follows the population pattern, as observed in the official Brazilian census (Datasus) . The proportions of different categories of donor educational levels varied among the centers, likely reflecting the educational levels in the populations in the corresponding regions.
Due to the high degree of racial mixture in Brazil, considered one of the highest in the world, 17 it is difficult to assess race or ethnicity based on skin color. The study of Parra and coworkers 17 indicated that in Brazil, at an individual level, color, as determined by physical evaluation, is a poor predictor of genomic African ancestry, estimated by molecular markers. Therefore, we used self-reported skin color in this study, not race evaluation. There were differences in skin color of donors in the three centers studied, with a majority of white donors in São Paulo (FPS) and nonwhite donors in Belo Horizonte (FH-MG) and Recife (FH-PE). These proportions are similar to the population distribution in these cities. 7 In some countries, for example, the United States, it is important to monitor the presence of minority groups (Hispanic, African American, and others) in part due to the fact that these groups tend to have lower blood donation rates. 18, 19 In Brazil these differences are not clearly defined, and therefore skin color may not yield useful information, except for rarer blood groups and due to the fact that nonwhites tend to be in the lower socioeconomic stratum of the population and could have higher infectious disease rates.
Blood transfusion is a frequent event and one study in Denmark and Sweden has shown that at the age of 80 years, approximately one in five persons in the general population had received blood at least once. 20 We may anticipate that up to 30% of a given population will need transfusion during their lifetime and benefit from the blood supply, even if only as a blood reserve for surgery. This may be even more conspicuous in countries like Brazil, where urban violence and traffic accidents have a relatively higher incidence. 21 It is estimated by WHO that the suitable percentage of donors in a given population is approximately 5% of the individuals in the usual donation age range, 22 which is the reported proportion of individuals donating blood each year in the United States. 23 In Germany, it was reported that overall 4% of the population eligible to donate were active as Rpt whole blood donors in 2006. 16 This work indicates that the Brazilian REDS-II centers collect blood from a mean of 2.3% of their eligible catchment populations, with a range of 1.6% to 3.1%. The variation observed among the centers is in part due to differences in the proportion of local coverage of the centers. FH-PE, where there is the highest proportion of the population donating blood (3.1%), is practically the sole blood center in the state of Pernambuco, supporting more than 95% of its transfusion needs. In São Paulo there are multiple blood services, and it is estimated that FPS provides 33% of the units transfused, whereas FH-MG provides 92% of the units transfused in Minas Gerais State, but approximately 85% in the Belo Horizonte metropolitan area.
Although there is a recognized need to increase donation in Brazil including the states covered in this report, it is also necessary to conduct more studies to determine what percentage of the population are eligible candidates for blood donation, taking into consideration the local variations in the complexity of the medical procedures and demand for blood. The study about the actual size of the potential donor pool in the United States published by Riley and colleagues 24 takes into account other donorexclusion factors besides age, and this calculation likely reflects the proportion of the potential donor population closer to the real one. It reduces the denominator in the eligible donor equation dramatically, by excluding an additional 37.2% of the population due to permanent (cancer, heart disease, sexually transmitted diseases, among others) or temporary deferrals (flu, cold, anemia, tattoo, etc.). It remains to be determined what the adequate supply of blood should be for Brazil and what factors would be needed to be considered for each region, balancing inadequate supply versus blood loss due to outdating of blood components. While these US estimates are useful, we doubt that they can be extrapolated to the Brazilian donor population. Future work to estimate the likely eligibility of donors in the broader population of Brazil will determine the proportion of the population that actually qualifies to be donors in Brazil and whether there are differences in the regions. This study represents the first effort to comprehensively describe the demographic characteristics of blood donors at three large blood centers in Brazil and is the first step toward understanding differences in donor characteristics compared to the general population of the corresponding catchment area.
